This survey was undertaken to determine the relative frequency of agents that are currently associated with neonatal diarrhea in swine, including Clostridium difficile and porcine reproductive and respiratory syndrome virus (PRRSV). The subjects for this study were the first 100 live 1-7-day-old piglets submitted to the Iowa State University Veterinary Diagnostic Laboratory with a clinical signalment of diarrhea, beginning on January 1, 2000. The evaluation of each pig included bacterial culture of a section of ileum, 2 sections of jejunum, and a single section of colon; a fluorescent antibody test (FAT) or immunohistochemistry (IHC) for transmissible gastroenteritis virus (TGEV); ELISA's for rotavirus and C. difficile toxins; IHC for PRRSV; and microscopic examination of ileum, midjejunum, spiral colon, liver, spleen, and lung. Survey results demonstrate a decline in the relative number of diagnoses of TGEV, Escherichia coli, and Clostridium perfringens type C compared with retrospective data. The combined case frequency rate for these 3 pathogens dropped from 70% in 1988 to 21% in 2000. This survey also demonstrated the emergence of C. difficile as an important pathogen of neonatal swine. Clostridium difficle toxin was detected in the colon contents of 29% of the piglets, and at least 1 toxin-positive animal was identified in 55% of the cases. All 29 C. difficile toxin-positive piglets had mesocolonic edema, and colitis was observed in 21 of 29 toxin-positive animals. PRRSV-positive macrophages were detected in the lamina propria of intestinal villi by IHC in 10 piglets with diarrhea. In 6 of these cases, PRRSV was the only pathogen detected. Gross and microscopic lung lesions were not a reliable indicator of PRRSV infection in these neonatal pigs with diarrhea. The addition of tests for C. difficile and PRRSV to a routine neonatal diarrhea diagnostic protocol resulted in a significant increase in the diagnostic success rate on both individual animal and case bases.
The composition and priority rank of differential diagnoses for common disease syndromes is continuously changing as management practices, emerging diseases, and government programs alter the relative prevalence of contributing agents. This appears to be particularly true of neonatal diarrhea in swine. A report outlining retrospective diagnostic laboratory data from 1988 indicates that Escherichia coli and transmissible gastroenteritis (TGE) were each detected in 26% of suckling pigs with diarrhea, clostridial enteritis in 18%, coccidiosis in 15%, and rotavirus in 8% of the cases. 13 Escherichia coli, TGE, and necrotic clostridial enteritis combined to account for 70% of the case diagnoses in 1988. 13 These 3 diseases were detected in only 26% of neonatal diarrhea cases submitted to the Iowa State University Veterinary Diagnostic Laboratory (ISU VDL) in 1999. Clostridium perfringens type A and Clostridium difficile, 2 diseases that were not reported in the retrospective study from 1998, were identified in 7% of the neonatal diarrhea cases submitted to the ISU VDL in 1999.
Use of the term clostridial enteritis in 1988 referred to necrotic enteritis perceived due to C. perfringens type C (CPC). This term was not meant to encompass the complex of clostridial diseases that currently contribute to the development of diarrhea in neonatal swine that includes CPC, C. perfringens type A, and C. difficile.
The isolation of C. difficile from swine was first reported in 1983. 15 Others have described outbreaks of severe morbidity and mortality due to C. difficile infection in young pigs. 24, 26 Lesions have been reported to include mesocolonic edema, ascites, hydrothorax, and typhlocolitis. 24, 26 The importance of this disease to the swine industry has been difficult to assess because prevalence data has not been available.
Clostridium difficile is a spore-forming, gram-positive, anaerobic bacillus that is normally considered to be a harmless environmental organism. 5 Disruption of the normal host intestinal flora is believed to be a prerequisite for C. difficile infection. 7 In man, the proposed pathogenesis for the development of pseudomembranous colitis due to C. difficile infection is as follows: distortion of the stable colonic flora by antibiotics, exposure to a toxigenic strain of C. difficile, colonization and toxin production, binding of toxins to enterocyte receptors with subsequent colonic mucosal injury and acute inflammation. 7 There has been a strong association between 3 classes of antibiotics and C. difficile infection in man. These include cephalosporins, second-generation penicillins (ampicillin/ amoxicillin), and clindamycin. 17 Although antibiotic exposure is the most important risk factor in man, additional factors have been linked to the development of pseudomembranous colitis and include severe underlying disease, antacids, cancer chemotherapy, stool softeners, and laxatives. 5, 7 Pathogenic strains of C. difficile produce 2 potent toxins, toxin A and toxin B. 7 These toxins induce damage to colonic epithelial cells as a result of disruption of the enterocyte cytoskeleton and tight junction function. 12, 21 A diagnosis of C. difficile infection can be established by detection of toxin or culture of the organism. 24 Toxin detection is the preferred method of diagnosis because it is inexpensive, rapid, and sensitive. 24, 25 Clostridium difficile toxins can be detected in colon contents or feces with commercially available ELISAs. 5 Unfortunately, all specimens submitted to veterinary diagnostic laboratories may not be suitable for the detection of C. difficile toxin. The toxin is labile, and denaturation may occur if material is not collected from acutely affected individuals and immediately frozen. One study reported complete inactivation of toxin in 20% of mailed samples. 4 Isolation of the organism is not diagnostic because both toxigenic and nontoxigenic strains may be recovered from the intestinal tract. Up to 25% of C. difficile isolates may lack the genes to produce toxin. 8 The most common syndromes associated with porcine reproductive and respiratory syndrome virus (PRRSV) infection include late gestation reproductive failure and respiratory disease in nursery and grow/ finish pigs. 3 Several lines of evidence suggest that PRRSV may also contribute to the development of diarrhea in neonatal swine. Pathogenesis studies have demonstrated PRRSV-infected macrophages in the intestinal lamina propria. 11 Watery diarrhea that was nonresponsive to antibiotic therapy has been consistently observed with PRRSV in the United Kingdom and less consistently elsewhere. 9, 14, 16, 27 There have also been a number of neonatal diarrhea submissions to the ISU VDL in which numerous PRRSV-positive macrophages were detected in the lamina propria of intestinal villi and extensive testing failed to identify an enteric pathogen. The neonatal diarrhea in these herds was reported to abate once PRRSV was brought under control in the breeding herd.
This survey was designed to gather frequency data on enteric pathogens that currently contribute to the development of diarrhea in neonatal swine, including C. difficile and PRRSV, and to determine whether there is an association between the presence of C. difficile toxin or PRRSV and specific gross and microscopic lesions in the intestine.
Materials and methods
Beginning on January 1, 2000, samples were collected from the first 100 live 1-7-day-old pigs submitted to the ISU VDL with a history of diarrhea. A section of ileum, 2 sections of jejunum, and a single section of colon from each pig were cultured for E. coli, Salmonella sp., Enterococcus durans, and C. perfringens. A fluorescent antibody test (FAT) or immunohistochemistry (IHC) for TGE was performed on jejunum and ileum. Cecal or colon contents were assayed for rotavirus with a commercially available ELISA a that detects type A rotavirus. Contents of the spiral colon from each pig were collected and frozen at Ϫ20 C for C. difficile toxin analysis with a commercially available ELIS-A b . Analysis for C. difficile toxins A and B was undertaken on a weekly basis, and a colorometric chart provided with the kit was used to grade toxin levels on a scale from ϩ1 through ϩ4. Sections of ileum, midjejunum, spiral colon, liver, spleen, and lung were fixed in 10% neutral buffered formalin and processed for microscopic examination. PRRSV IHC was conducted on blocks containing intestine, liver, and spleen as previously described. 28 PRRSV infection was identified by the detection of PRRSV-positive cells in the lamina propria of the small intestine, liver, and/or spleen by IHC. A diagnosis of rotavirus enteritis was based on positive ELISA results combined with the presence of histologic lesions consistent with rotavirus infection, which included vacuolar degeneration of superficial villus epithelial cells or an atrophic enteritis. In those cases in which the ELISA was positive for rotavirus and microscopic lesions were not identified, rotavirus IHC was conducted to further corroborate ELISA results. A diagnosis of TGE required a positive FAT or IHC combined with the identification of an atrophic enteritis. Enterococcus durans enteritis was diagnosed when a heavy growth of E. durans was isolated from the intestine and histologic examination of intestinal sections revealed numerous coccoid bacteria covering the brush border of villus epithelial cells. A diagnosis of colibacillosis required the isolation of a heavy population of smooth, mucoid, or hemolytic E. coli from the intestine in conjunction with evidence of villus colonization by short, rod-shaped bacteria. Escherichia coli isolates were not assessed for virulence factors by multiplex polymerase chain reaction (PCR) or other methods. A diagnosis of necrotizing clostridial enteritis was established when a heavy growth of C. perfringens was isolated from the intestine and necrotizing intestinal lesions were observed in association with large, gram-positive bacilli lining necrotic villus remnants.
Chi-square was used to determine the significance of differences in diagnostic success rate as a function of diagnostic protocol. Positive predictive values were calculated for the prognostic significance of mesocolonic edema and colitis as an indicator of the presence of C. difficile toxin. The positive predictive value of mesocolonic edema for C. difficile toxin was calculated by comparing the total number of toxin-pos- itive piglets with mesocolonic edema to the total number of piglets with mesocolonic edema. The positive predictive value of colitis for C. difficile infection was calculated by comparing the total number of toxin-positive piglets with colitis to the total number of piglets with colitis. A correlation between toxin level and the presence of colitis was calculated by comparing toxin levels on individual pigs with the presence or absence of colitis.
Results
Samples from 100 piglets that met the study criteria were collected from January through May 2000. The samples represented 33 cases from 31 locations. The number of piglets per case ranged from 1 to 8 with a mean of 3.3. On an individual animal basis, rotavirus was the most common pathogen identified, followed by C. difficile and PRRSV (Table 1 ). More than 1 pathogen was detected in 12 piglets. Clostridium difficile and rotavirus were detected in 10 and 8 of these piglets, respectively ( Table 2) .
Clostridium difficile toxin was detected in the colon contents of 29 piglets from 18 cases representing 17 separate locations. A low level of toxin (ϩ1) was present in 5 piglets. Five, 9, and 10 piglets had ϩ2, ϩ3, and ϩ4 toxin levels, respectively. Mesocolonic edema was observed in all 29 toxin-positive pigs (Fig. 1 ). Colitis was identified in 1 of 5 pigs with ϩ1 toxin, 2 of 5 with ϩ2, 8 of 9 with ϩ3, and 10 of 10 with ϩ4 toxin levels. There was a strong positive correlation (0.972) between toxin level and the presence of colitis. Microscopic lesions in the colon of C. difficile toxinpositive piglets varied from exfoliation of superficial epithelial cells accompanied by a mild infiltrate of neutrophils in the superficial lamina propria to an erosive and exudative colitis characterized by focal to extensive superficial mucosal erosions covered by a fibrinosuppurative to fibrinonecrotic exudate (Fig. 2 ). Classic volcano or summit lesions were occasionally observed. These were characterized by a funnel-shaped, fibrinosuppurative exudate eminating from focal mucosal microerosions.
There were 16 cases in which multiple animals were submitted and at least 1 toxin-positive piglet was identified. An average of 43.5% of the piglets were positive for C. difficile toxin in multiple animal submissions with at least 1 toxin-positive pig. Details on the number of toxin-positive and -negative piglets in groups with at least 1 toxin-positive piglet are listed in Table 3 .
Reliable information regarding antibiotic administration was available on 14 of 29 C. difficile-positive piglets. Ten C. difficile toxin-positive animals had received antibiotics, either at processing or as a treatment for their clinical signs. Seven had been administered cephalosporins, while 3 had received penicillin. In 4 of the toxin-positive animals, there was no history of prior antibiotic exposure. Additional pathogens, including PRRSV in 1 and rotavirus in a second, were detected in 2 of these 4 piglets. Two toxin-positive animals had not received antibiotics and were negative for other enteric pathogens and PRRSV.
Rotavirus was detected in the intestinal contents of 36 piglets from 14 cases. Microscopic changes consistent with rotavirus enteritis were identified in the small intestine of 29 of 36 (80.6%) animals. These changes varied from vacuolar degeneration of superficial villus epithelial cells to a moderate atrophic enteritis. Micro- scopic lesions were not observed in the small intestine of 7 ELISA-positive piglets. Low to abundant rotaviral antigen was detected in the cytoplasm of superficial, villus enterocytes by IHC in each of these 7 animals.
PRRSV-positive macrophages were identified in the lamina propria of the small intestine by IHC in 10 piglets (Fig. 3 ). In 6 of these animals, PRRSV was the only pathogen detected. Nine of 10 PRRSV-positive pigs had mesocolonic edema, including 5 of 6 piglets in which PRRSV was the sole pathogen identified. A very mild, multifocal, nonsuppurative interstitial pneumonia was identified on microscopic examination of lung from 1 of the PRRSV-positive pigs. Additional gross or microscopic changes were not observed.
Enteritis associated with E. durans, TGE, and E. coli was identified in 5, 3, and 3 piglets, respectively. Two piglets had necrotizing intestinal lesions associated with the presence of large, gram-positive rods adhered to necrotic villus remnants. A heavy growth of C. perfringens was isolated from the intestine of each of these animals. These results were considered to support a diagnosis of C. perfringens type C enteritis.
Mesocolonic edema was observed in 69 piglets. All 29 animals in which C. difficile toxin was identified and 9 of 10 piglets IHC-positive for PRRSV had mesocolonic edema. Mesocolonic edema was also observed in 17 animals (24.6%) in which a diagnosis was not established, 11 piglets (15.9%) with rotaviral enteritis, all 5 cases from which a heavy growth of E. durans was isolated, and 1 case of necrotizing clostridial entertis. A routine neonatal diarrhea diagnostic protocol at the ISU VDL would include microscopic examination of intestinal sections, bacterial culture, FAT or IHC for TGE, and an ELISA for rotavirus. This protocol, without inclusion of tests for PRRSV and C. difficile or genotyping of C. perfringens isolates, resulted in a case diagnostic success rate of 70% and a 50% diagnostic success rate on an individual animal basis. The inclusion of IHC for PRRSV resulted in a significant increase in the diagnostic success rate on a case basis but not on an individual animal basis ( Table 4 ). The addition of tests for C. difficile or C. difficile and PRRSV to a routine diagnostic protocol resulted in a statistically significant increase in the diagnostic success rate on both a case and individual animal basis (Table 4 ).
Discussion
This survey was designed to assess the relative frequency of agents that currently contribute to the development of diarrhea in neonatal swine. Survey results may not accurately reflect the prevalence of these diseases in the general population. Certain diseases may be underrepresented as practitioners arrive at a presumptive diagnosis as a result of response to antibiotic therapy (colibacillosis) or necropsy findings (C. perfringens type C) and do not submit specimens to a laboratory for additional diagnostics. This study documents a substantial change in the relative occurrence of pathogens that contribute to the development of neonatal diarrhea in swine. More than a decade ago, TGE, E. coli, and necrotic clostridial enteritis combined to account for 70% of the diagnoses in neonatal swine with diarrhea. 13 In this study, these 3 pathogens accounted for only 21% of the case diagnoses and 8% of the individual animal diagnoses.
It can be difficult to compare historic and contemporary diagnostic laboratory data because disease prevalence is not measured on a population basis. This study demonstrates that rotavirus enteritis accounted for a substantially greater percentage of neonatal diarrhea diagnoses than 12 years ago. The relative frequency of rotavirus enteritis has increased from 8 to 42% on a case basis. Whether this represents an absolute increase in the incidence of this disease or simply a relative increase due to better control of other enteric pathogens is difficult to determine. Nonetheless, rotavirus was the most common enteric pathogen identified in individual animals in this age group.
Clostridium difficile has been reported to cause diarrhea and death in suckling and nursing pigs. 24, 26 However, the relative importance of this disease has been difficult to assess without prevalence data. This survey detected C. difficile toxin in 29% of the live 1-7-day-old piglets submitted to the ISU VDL with a clinical history of diarrhea. Clostridium difficile was the sole pathogen detected in 19% of the piglets. Clostridium difficile toxin was detected in at least 1 animal in 55% of the cases, making it the most frequently identified agent on a case basis. In cases in which multiple agents were detected, C. difficile was the most common copathogen identified.
Lesions associated with C. difficile infection in swine have been reported to include mesocolonic edema and typhlocolitis. 24, 26 In this study, all 29 C. difficile toxin-positive piglets had mesocolonic edema. However, mesocolonic edema was not specific for C. difficile infection because edema of the mesocolon was identified in 69 piglets, including 17 animals in which a diagnosis was not established, 11 with rotavirus enteritis, 5 of 6 piglets in which PRRSV was the only pathogen detected, all 5 cases of enteritis associated with E. durans infection, and 1 animal with necrotizing clostridial enteritis. The positive predictive value of mesocolonic edema for C. difficile enteritis was 42%. Clostridium difficile toxin was not identified in any piglet without mesocolonic edema.
Lesions of the colonic mucosa are uncommon in suckling piglets and are not reported in association with many enteric pathogens common to this age group, including enterotoxigenic E. coli, rotavirus, TGE, or C. perfringens type A. 1 Colitis has been reported with C. perfringens type C infection, usually in association with necrotizing lesions in the small intestine. 1 Colitis in the neonatal pig, unassociated with a necrotic enteritis, is a relatively distinctive lesion. In this study, colitis was observed in 25 piglets, 21 of which were positive for C. difficile toxin. In the 4 toxin-negative pigs in which a colitis was identified, a specific cause for the colitis was not established. In 1-7-day-old piglets, the positive predicative value of colitis as an indicator of C. difficile infection was 84%.
In man, lesions associated with C. difficile infection are reported to have a toxin dose-response effect. 7 Re-sults of this study would support a toxin dose-response effect in neonatal pigs. Colitis was identified in 1 of 5 pigs with ϩ1 toxin, 2 of 5 with ϩ2, 8 of 9 with ϩ3, and 10 of 10 with ϩ4 toxin levels. There was a strong, positive correlation (0.972) between toxin level and the presence of colitis.
Clostridium difficile is generally considered to be an opportunist. The distribution of C. difficile toxin-positive pigs within a group was assessed to determine the pattern of infection. An average of 43.5% of the piglets were positive for C. difficile toxin in multiple animal submissions with at least 1 toxin-positive pig. In half of these 16 submissions, one third of the piglets were positive for C. difficile toxin. In 94% percent of these cases, C. difficile toxin was identified in Յ50% of piglets in a group of ill individuals.
This study was intended to assess the frequency of C. difficile enteritis and was not designed to address risk factors associated with the development of this disease. Detailed histories on antibiotic usage were not available on all animals. Three separate groups were represented in the population of piglets positive for C. difficile toxin: 1) piglets that had been treated with antibiotics either for diarrhea or at processing, 2) piglets in which C. difficile toxin was detected along with another pathogen, and 3) piglets that had not been treated with antibiotics and in which C. difficile was the only pathogen identified.
In man, horses, and hamsters, disruption of the colonic flora by antibiotics is considered to be a major risk factor for developing C. difficile colitis. 2, 7, 10, 17, 20, 23 In this study, reliable information on antibiotic usage was only available in 14 of the 29 piglets in which C. difficile toxin was detected. In 10 of these 14 animals, C. difficile enteritis was preceded by antibiotic administration either at processing or as treatment for diarrhea. The association between antibiotic usage in neonatal swine and C. difficile infection warrants further investigation.
Additional factors have been linked to the development of pseudomembranous colitis in man. These include severe underlying disease, antacids, cancer chemotherapy, stool softeners, and laxatives. 5, 7 In this study, C. difficile toxin was identified in combination with PRRSV or rotavirus in 2 piglets that had not been treated with antibiotics. Disruption of the intestinal microenvironment by another pathogen may have facilitated the development of C. difficile colitis in these cases.
Another potential risk factor for C. difficile colitis may be lack of a well-developed colonic microflora, which may render neonatal swine more susceptible to C. difficile infection. Piglets are born with a sterile alimentary tract. 18 A normal microflora is not established in the small intestine until 5-6 days after birth, and establishment of a normal colonic flora takes even longer. 22 Clostridium difficile toxin was detected in 2 animals for which there was no history of prior antibiotic administration and additional pathogens were not detected.
PRRSV was identified in 10 of the piglets with diarrhea. In 6 of these cases, PRRSV was the only pathogen detected. Gross lung or lymph node lesions were not observed in any of these 10 piglets, and mild interstitial pneumonia was only identified in a single PRRSV-positive animal. Gross and/or microscopic lung lesions were not a reliable indicators of PRRSV infection in these neonatal pigs. In each of the cases in which PRRSV was detected, PRRSV-positive macrophages were observed in the lamina propria of the intestine. Case control studies are in progress to address the association between PRRSV and neonatal diarrhea.
The diagnostic success rate on neonatal diarrhea submissions varied markedly, depending on whether it was measured on an individual animal or case basis and on whether tests for C. difficile and/or PRRSV were included. A routine neonatal diarrhea diagnostic protocol at the ISU VDL would include microscopic examination of intestinal sections, bacterial culture, FAT or IHC for TGE, and an ELISA for rotavirus. This protocol, without inclusion of tests for PRRSV and C. difficile or genotyping of C. perfringens isolates, resulted in a case diagnostic success rate of 70% and a 50% diagnostic success rate on an individual animal basis. The inclusion of IHC for PRRSV resulted in a significant increase (P Ͻ 0.05) in the diagnostic success rate on a case basis but not on an individual animal basis. The addition of tests for C. difficile or C. difficile and PRRSV resulted in a significant increase in the diagnostic success rate on both a case (P Ͻ 0.001) and individual animal basis (P Ͻ 0.01).
One agent that this study did not address was C. perfringens type A. Funding was not available to genotype all C. perfringens isolates and diagnostic criteria for C. perfringens type A enteritis are poorly defined. Clostridium perfringens type A is part of the normal intestinal microflora of young piglets, and its isolation is not necessarily indicative of disease. 19 Currently, a diagnosis of C. perfringens type A enteritis in neonatal swine is based on the isolation of a heavy growth of C. perfringens type A from the midportion of the small intestine combined with the identification of numerous large, gram-positive, sporulating bacilli within the intestinal lumen. 6 However, both the microscopic and culture criteria represent the endpoint of a continuum. Many cases fall into the middle zone of this continuum, where it is difficult to determine whether C. perfringens is contributing to the devel-opment of diarrhea. Additional studies are underway to refine the diagnostic criteria for C. perfringens type A and generate an estimate of the prevalence of the disease in neonatal swine.
Comparison of retrospective diagnostic laboratory data with current survey results demonstrates that there has been a significant change in the relative prevalence of agents detected in neonatal swine with diarrhea. No longer are TGE, E. coli, and C. perfringens type C identified in the majority of diagnostic laboratory submissions in this age group. The frequency of laboratory diagnosis of these 3 agents has decreased by more than two thirds over the last 12 years. Emerging pathogens, such as C. difficile, are identified with greater frequency. Clostridium difficile should be given strong consideration when mesocolonic edema and a colitis/typhlocolitis are observed in neonatal pigs with or without diarrhea. When intestinal lesions are not identified in neonates with diarrhea and traditional enteric pathogens are not detected, PRRSV should be considered, especially if there is a history of increased PRRSV instability in the sow herd. Additional studies are being conducted to determine the relative prevalence of C. perfrignens type A enteritis in neonatal swine.
